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Most male cicadas produce a calling song in order
to attract conspecific females. These songs have
been shown to differ in closely related species (e.g.
Alexander & Moore 1962; Villet 1988, 1989;
Boulard 1995; Marshall & Cooley 2000; Sanborn &
Phillips 2001) and in species which share habitats
(e.g. Sueur 2002). The former is an inevitable part of
the divergence of recognition signals that charac-
terizes the speciation process in animals using
acoustic signals (Villet 1995), while the latter
would be expected from a signal that acts as a
reproductive isolating mechanism (Claridge 1985;
Marshall & Cooley 2000). Calling songs are there-
fore of value in resolving taxonomic problems in
the cicadas.
Platypleura hirtipennis (Germar, 1834) and P.
plumosa (Germar, 1834) are closely related species
of platypleurine cicadas (Villet 1997). Germar
(1834) described both species from specimens sent
by Krebs from southern Africa and separated them
using a character that has been shown to be found
in both species (Villet 1997). The ranges of these
species are parapatric in the Eastern Cape Prov-
ince of South Africa and both species use the same
host plant (Villet 1997). Platypleura plumosa has
been treated as a variety of P. hirtipennis in the past
(Atkinson 1886), bringing the status of P. plumosa
into question. The calling song reported under the
name P. hirtipennis by Villet (1988) is in fact the call
of P. divisa (Germar, 1834) (Villet 1997). We analyse
and compare the calls and distributions of the two
cicada species to provide evidence for the validity
of P. plumosa as a distinct species.
Populations of calling cicadas were recorded in
the Eastern Cape, South Africa during December
2001. Platypleura hirtipennis were recorded east of
Alexandria (33°39’S 26°43’E and 33°44’S 26°39’E)
and in Grahamstown (33°19’S 26°32’E). Platypleura
plumosa were recorded south of Fort Brown
(33°08’S 26°37’E). Individuals were recorded using
an Uher 4000 Report Monitor tape deck and a
Sennheiser MKH 70 P 48 directional microphone
with an MZW 70 wind screen. The frequency re-
sponse range of the recording equipment was
50–20 000 Hz. All calls were recorded on 1.9 cm
audio tape at a tape speed of 19 cm/s. The micro-
phone was placed as close as possible to the calling
animal to decrease background noise on the
recording. Acoustic signals were digitized and
analysed with MacSpeech Lab II (GW Instruments,
Somerville, MA) and a Macintosh computer, at a
sampling rate of 40 kHz. Frequency spectra
were analysed using a narrow band FFT. Peak
frequency was determined in each individual by
averaging the peak frequency at six points in the
digitized call. Sound pulse rate was determined by
calculating the pulse repetition rate from a sample
of 2–4 sites within the digitized call. The means
reported are the population means of the mean
values determined for each individual.
Animals were captured in the field by hand or
with a net. Live mass was determined within a few
hours of capture on a triple-beam balance sensi-
tive to ±5 mg. All statistics are reported as mean ±
standard deviation.
No attempt was made to correct for ambient
temperature in the recordings as we have deter-
mined the species studied to be endothermic
thermoregulating species (Sanborn et al. 2003).
The use of an internal heat source for the regula-
tion of body temperature eliminates any affect
ambient temperature may have on the calling
song parameters. In addition, we have shown that
ambient temperature does not correlate to call
parameters in Pycna semiclara (Germar), another
endothermic platypleurine (Villet et al., in press).
The distribution of P. hirtipennis is parapatric with
that of P. plumosa (Fig. 1). All P. hirtipennis locations
lie within the range of P. plumosa in the Eastern
Cape, but are more coastal and are characterized
by greater humidity and rainfall than sites inhab-
ited by P. plumosa.
The calling songs of both species are a sustained
note that is sung incessantly for several minutes.
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They vary between a continuous motif (Figs 2, 4)
and a pulsatile motif that has half as many pulse
groups as the continuous motif that has been
described in other platypleurine species (Villet
1988, 1989, 1997). Each motif lasts several seconds.
Song parameters for each species are summarized
in Table 1. There are significant differences in the
emphasized frequency, upper harmonic frequency
and pulse repetition rate in the songs of P. hirti-
pennis and P. plumosa. The songs of both species are
composed of a constant train of sound pulses
(Figs 2–5). Sound pulses appear to be produced in
a slightly asynchronous pattern of the timbals. The
pulses appear to be loud clicks produced by the
buckling timbal with one side buckling slightly
before the opposite side that produces a series of
double pulses (Figs 3, 5). There were locations on
the recordings where one timbal did not appear to
produce a sound pulse and the doublet was
replaced by a single sound pulse.
The gross structure of the two calls reported
here, involving alternating pulsatile and continu-
ous motifs, is similar to that of Platypleura capensis
Linnaeus, 1764; P. maytenophila Villet, 1987;
Azanicada zuluensis (Villet 1997) and Oxypleura
lenihani Boulard, 1985 (Villet 1988, 1989). The broad
frequency spectrum and the sustained note are
usual amongst platypleurine cicadas.
Villet (1997) reported morphological differences
between P. hirtipennis and P. plumosa, but noted
that the distinctiveness of the taxa needed further
verification through fieldwork. We have deter-
mined here that the species’ songs, which are
responsible for bringing mates together, differ
significantly.
The difference in song frequency would be
expected based on differences in body size
between the two species (Daniel et al. 1993;
Bennet-Clark & Young 1994). We determined that
live mass of P. hirtipennis (0.951 ± 0.175 g, n = 13)
was significantly greater than that of P. plumosa
(0.729 0.076 g, n = 5; one-tailed t = 2.698, d.f. = 16,
P = 0.0079). One would therefore predict a higher
dominant frequency in P. plumosa since the
frequency characteristics of a cicada call are deter-
mined by the physics of the sound production
system (Pringle 1954; Bennet-Clark 1995), and this
is the case (Table 1). A similar difference is found in
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Fig. 1. Geographical distribution of Platypleura hirtipennis and P. plumosa.
the pairs of sister species P. stridula Linnaeus, 1758,
and P. capensis (Villet 1989) and P. maytenophila and
P. divisa (Villet 1988).
The difference in emphasized frequency is likely
to be significant to mate recognition because
cicada ears are sharply tuned to the dominant
frequency in the conspecific call (Katsuki & Suga
1960; Engler et al. 1969; Simmons et al. 1971; Young
& Hill 1977; Huber et al. 1980; Doolan & Young
1981; Popov 1981; Popov et al. 1986; Huber et al.
1990). This means that the difference is of particu-
lar taxonomic significance.
We also found a significant difference in the
pulse repetition rate within the calls of the two
species (Table 1). Although both calls are constant
trains of sound pulses and sound similar to a
human observer, the number of sound pulses per
second is significantly different. Pulse repetition
rates above 150 Hz are not coded directly by
auditory receptors in cicadas because of the
latencies of the nerves (Elsner & Popov 1978).
Grasshopper ears may perceive pulse repetition
rates as a spectral property of the call rather than
as a temporal one (Michelsen 1978), much as
human ears perceive cicada songs (Pringle 1954).
However, the pulse repetition rate of cicada calls is
generally at least an order of magnitude smaller
than the frequency range to which their ears
will respond best. Because their ears are single-fre-
quency receivers, the fundamental of the calling
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Table 1. Acoustic characteristics of the calls of Platypleura hirtipennis and P. plumosa; n = 9 for all
measurements.
Acoustic characteristics P. hirtipennis P. plumosa
Peak song frequency (kHz)1 6.807 ± 0.258 7.411 ± 0.449
Upper harmonic frequency (kHz)2 13.600 ± 0.507 14.493 ± 0.493
Lower harmonic frequency (kHz)3 1.040 ± 0.169 1.126 ± 0.267
Pulse repetition rate (Hz)4 991 ± 84.1 849 ± 29.0
1: two-tailed t = 3.502, d.f. = 16, P = 0.0029.
2: two-tailed t = 0.4.002, d.f. = 16, P = 0.0010.
3: two-tailed t = 0.8992, d.f. = 16, P = 0.4192.
4: two-tailed t = 4.772, d.f. = 16, P = 0.0002, Welch correction t = 4.772, d.f. = 9, P = 0.001.
Fig. 2. Sonagram of the calling song produced by Platypleura hirtipennis. The call is a constant-frequency, constant-
amplitude call with a peak frequency of about 9.9 kHz. Lower trace is an oscillogram. Total time of the trace is 2.026
sec. Time bar = 0.5 sec.
song will mask the pulse repetition rate by
several decibels. It is thus unlikely that the differ-
ence of pulse repetition rate is of significance to
mate recognition in P. hirtipennis and P. plumosa.
However, this does not negate its taxonomic
value..
Analysis of the calling songs of P. hirtipennis and
P. plumosa suggest that both species are valid.
Female cicadas have been shown to be positively
phonotactic toward a male at a distance based on
the frequency (Doolan & Young 1989) or call inten-
sity (Daws et al. 1997). A female will then decide
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Fig. 3. Expanded oscillogram of the sound pulses produced by Platypleura hirtipennis. This specimen produced
sound pulses at a rate of 877 Hz. Total time of the trace is 11.9 msec. Time bar = 5 msec.
Fig. 4. Sonagram of the calling song produced by Platypleura plumosa. The call is a constant-frequency, constant-
amplitude call with a peak frequency of about 10.8 kHz. Lower trace is an oscillogram. Total time of the trace is 2.026
sec. Time bar = 0.5 sec.
whether to mate with the male based on the gross
temporal pattern of the call (Doolan & Young
1989). If it is assumed that Platypleura species use
the same two-step recognition process, we have
shown that the two platypleurine species differ in
both long-distance and final recognition signals so
they should be able to overlap in their ranges with-
out significant acoustic interference.
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